To connect these results with the known visible and near ultra-violet lines of the higher spark spectra of neon and argon, it will be necessary to locate some intermediate terms, lines from which will lie in the region from X 2200 to X 1300. This region is inaccessible with the present spectrograph, and further study of these spectra is postponed pending the completion of a new vacuum spectrograph of greatly increased range and dispersion, which is made possible by a grant from the Carnegie Corporation through the Carnegie Institution of Washington.
1. Introduction.-Theories have been proposed by Davis,' Rosseland,2 and Thomas3 to explain the ejection of atomic electrons by cathode-ray impact. In these theories it has been assumed that the probability of ionization depends on the energy of the cathode ray (which depends only on the applied voltage, V), the ionization energy of the electron (which is defined by Vo, the excitation voltage), and in Thomas' theory, on the kinetic energy of the electron, which he has treated as in a circular orbit. Thomas has suggested that the probability of ionization may be different for elliptical orbits. In general, regardless of these theories, the probability of ionization may be dependent on the quantum numbers of the electron.
In order to study the effect of a quantum number by itself, we must keep V and Vo constant (at least to a first approximation) while we compare two series involving levels which differ in that quantum number only. Since Vo is a natural constant for each element and series we can keep it nearly constant, for this purpose, only by a proper choice of series to compare. Table 1 , which shows the quantum numbers (on the basis of wave-mechanics) of the K and L levels, will help us in discussing this choice.
The values of Vo for the three L subseries of any element are so nearly alike that they may be taken as identical for present purposes. As we go from L21 to L22 the azimuthal and radial numbers remain fixed while the inner number changes from 1 to 2. A comparison of the intensities of these series would then show the effect of the inner quantum number. Strictly speaking, the quantities found here are not the ratios of ionization probabilities, but ratios of the products of these probabilities by corresponding efficiencies of emission as defined by Auger.7 He has found that when atoms are ionized some of the reorganizations result in secondary photoelectrons rather than in quanta of radiation of an appropriate wave-length. The process as explained by him is this: The electron lost from an inner shell is replaced by one from an outer shell; in a certain fraction, sp, of such replacements, a quantum of radiation of the subseries appropriate to the inner shell is emitted, while in other replacements, the energy released is used for the ejection of secondary photoelectrons from the same atom. This fraction sp is called the efficiency of emission. The efficiencies of emission of the K series of several elements have been studied by Martin,8 who has found a value of 60 per cent for selenium. Unfortunately, xenon and krypton are the only elements whose L series efficiencies have been studied and these only for the L series as a whole rather than by taking each subseries separately. An empirical equation found by Martin for the K series would give a value near 60 per cent if applied to the L series of lead as a whole, but this is probably unreliable. An exact evaluation of each L subseries efficiency would require experiments of a different type from the present ones, and therefore we must here avoid any definite assumptions as to the values of these efficiencies and draw definite conclusions only on the products of these efficiencies by probabilities of ionization.
There are two important sources of error in this research, which were realized before the work was commenced. The first of these is the change of the relative intensities of the lead and selenium lines due to the production of indirect rays as defined by Beatty.9 This process depends on the ejection of inner electrons by the absorption of continuous-spectrum
x-rays from adjoining atoms rather than by cathode-ray impact. Theoretical calculations, based on the change of the amount of indirect radiation with atomic number, have shown in a rough way that the effect of indirect rays is not serious, but it will be considered in somewhat more detail later. The second error results from the assumption that C and m are constants in the empirical equation10'56 I = C(V -Vo)m. (1) Which expresses the intensity of a line as a function of the applied voltage V and the ionization voltage Vo. -It is reasonable to expect these two sources of error to result in a combined error of something like 10 per cent. This is greater than the usual uncertainty of the photographic method, and therefore this method was adopted. Since for x-rays the intensity is proportional to the density, for small densities, the relative intensities at any two points in the spectrum could be found directly from the logarithms of microphotometer readings. This method of intensity measurement was checked by the known Ka doublet ratios of selenium and was found to be correct for all densities used here. In comparing Se K. and Pb L lines, however, since the L lines were found to be somewhat wider than the K, the readings were plotted on semi-log paper and the intensities were taken proportional to the areas of the peaks above the general radiation rather than the heights.
After preliminary trials, ten photographs were taken, three at 55 kv., four at 40 kv. and three at 25 kv. A typical one of these photographs taken at 55 kv. is shown in figure 1 .
The change in sensitivity with wave-length was determined through a comparison of the measured lead intensities with corresponding values found from a study of the literature. No work has been reported on lead but these relative intensities were interpolated from values assigned to tungsten, platinum, thorium and uranium by Jonssori,5 Duane (N_)_ e = 187.6 X (true ratio ISeKa) (6) (N'pPpbLn 168.7 A'PbLa
Taking the values of the true ratio of these a, lines at 25, 40 and 55 kv.
from the measurements described above, the ratios of these (Nso)'s at these voltages are 0.50, 0.515 and 0.505, respectively. Allison6 and Jonsson5 have used the empirical equation (1) are somewhat alike, the ratio of (NP)L,,/(NP)L22, for direct ionization only, would be even less than the value listed here. It then appears that the effect of the change in radial quantum number, on ionization caused directly by cathode ray impact, is at least as great as indicated here, although until further research is done on these efficiencies it is uncertain whether this effect is due to change in N or so or both. 4. Summary.-Data have been obtained on ratios of the values, for various subseries, of the product of two factors, the probability N that a cathode ray will produce an ionization of the appropriate type, and the probability sp that the subsequent reorganization will result in radiation of some line of the subseries. Between two subseries such as L2, and L22, differing only in the inner quantum number, this product has been known to be practically proportional to the inner quantum number. It is found here that a difference in azimuthal quantum number only, between the K and L21, has no appreciable effect; but a difference in radial quantum number, between K and L1,, has a great effect.
In conclusion I wish to thank Dr. D. L. Webster, at whose suggestion and under whose direction this work was completed, for his very generous help and advice.
